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(54) LARGE SCALE INTEGRATED CIRCUIT 

(57)Abstract: 

PURPOSE: To stabilize the operation by using two 
pieces of FETs of an enhancement type whose threshold 
voltages are different, fetching a voltage difference at 
the time when a current of a prescribed ratio is allowed 
to flow to them and setting it as a reference voltage. 
CONSTITUTION: This circuit consists of N channel 
MOSFETs Q61-Q63 and P channel MOSFETs Q64, Q65, 
and a positive voltage is applied from an external power 
source Vcc. In this case, the N channel MOSFETs Q61- 
Q63 consist of enhancement type FETs Q62, Q63 having 
a standard threshold voltage VTE and an enhancement 
type FET Q61 having a threshold voltage VTEE being 
higher than VTE. In such a way, since two pieces of 
FETs of an enhancement type whose threshold voltages 
are different are used, a difference of those threshold 
voltages can be made small enough. Accordingly, 
characteristics of two pieces of FETs can be fitted 
easily, and a stable reference voltage can be obtained. In 
such a way, the operation is stabilized. 
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<i-£fl*\ (a) t (b) Sfcrt3il7W 

(a.) . (b) (^HLfcWjffl(I-j--5Z t^Sl* \, 

Vr. Vr' «i««aiz*rt-5-f > t— >>*Sr(tttt$-tt\ 
ii:;V.1 ifc ffi £ ' < Y ' < * £ it 4 fc ^ r 5 , £PM , Si ! 
(OXliZ m Vr' 0««l2ii^&frr4rilh^A!tt^«« 

i-*«i>(i(*. rt£li:u * y ^|i.«l»K^»jn-:S:'A s ii-fti-* 
(ftfitfrHiil-.i-*) .<S*t*>5., - <nPIW!£#:i9l#*:S* 

. »»msk7m. lut*. -en^ftvy. *»^Tit»ew«jiiB.^co 

*#i*WM : ,v u . V]9£tt-:5, ZLcov u .v L2 fl», *>4lM:t 
/</u.x %'|-:|n|Vft|.|^j: 5-&yi a 2*vB)Ki> LTJftfl^-'iM 
IKw/IWj (x-c/nlifi; u-</urtv, 2 .) c»fi!£iiito;v R ' cortti 

-f&i i - , ftafciH(0'»'fc» faces* l fc*»ai/t -7'*« 

!ft(l%ft*L, 1 J; »M*S < =C tftK* ? **i*i:l"l!«illjfl5 

t *>iw i rc c i -c C3 j: »; l i • ;> ^ gr 4 ^ ^ , s > ^ C r i . Cr9 

£f?AU ^-T^HI&fc-HM^ < (fc<k itf-iOdB 

(a) , (b) .7:201*1 (a) (i hl*I, 

SB20M (b) IIIWiiiiN-c^^.; M»l\ iouil»JKcolsifl[ 
frttttu 102(1 N/B^^atvt, i03(±N+&;i&M, ioi(;t 
T<t VU-> 3 >JHcOSi02, lOSttV— htt|*K, l06Ct 

Jioiz^ Y- httttHftrtS^-c, y- M06fcJSttti* 
ifii 1 02h i "co|fij(zfl?iJt £ ii 5. =¥ ' * > * Nl-liN t L X B 
Hft*jMBftllJi>Ti^*fcW;; Jt««|/|»ifti«W«A- 

«oMos*r^>-*t»«*.<S(i, y-h KCN^x/u^ 
*>5fc*6(cL (77 7h^>K®l-:i /i>fiT- 

fcSCit&S, Lfi/^oT, y- HB^il-Ur/jrSJ: 0 

A, if -7iTT'«lb t-'Kl^/i^ KO^rt^v^^ 

1*. iiJiuwift^ft r.R-c*>^d^ -n^Jic^itifi 


«ftt»ll«7a, 7bCO --3iaJ!;tt-«rJB2l[g (a) 
\m\ 2l(l^KKHKB a CA>^ % .MOSI-l;T-Q2|-Q 2 575*^fi!c 
5, 22WI , ,;>JJ£T-&> 1 '^ MOSPKT • Q 26 . 0277^*^^5. C| 

^ ttiWi' " 1 ■ oco -v ' < *> ^ T* « L ft t m vfo % , ^©jif) 
*.{iB2lcn 2 WcoaVjSS f co ■) t,, • tt«p^i-:v R ' 
/■5vA7j^iu m*jiZttJl\\J3lSkfrW\ A (V L2 ) *««iBftn 
tlw ^ L^ot, ico|.«is«rtv u (V| 2 ) *«V R ' {Ci£i 
Hf+*J: oizmtV-t^, 23(121. 22*»»l>ii«*Wfflinte{aj 

MOSI KT ■ Q 2 s-Q 3 o(^ Wihh^^ffltliKlicOf: $ 

K«o>#<iv u (v L2 ) S:V cc u-i/M:t5^^t'c1b5., 

?SM-:ftW»* r (0 2 ' ) * ? ttL--S/t-c*>»j; q 

. 26^^- HVcc U^C/M-aJc »J % .HJ/jV, , (V, 2 ) ^,tH> 
^-^>^^*, *fc, -«>*.'±025.Q27^*Wa 
«(i(l^c-5/--^, lulSKco?riftitiyj^fl£***n4. V-xS 
-t— K(/^ i # (1, TK*»Vcc If'*' 1 ^ . Qfi^ h A* 

: *«7/ifeS:ff52lW.(b) (-^^ ^.wlPlK-Cti Wtl- 

> ^(1^.-5., -WI'«JcofiZfllMIRl»MI»<*7bco-tii-e 
Jfe)MT'#6 (7lj">7criJfcWrttfis*n-Ci*4fcrt) m 
X\ Z.Z.{Zi±VHZ\mt^&^\^\fX^>t^\ 
ffiliEoj: BB»iaB7al±v LI Sr, 7b^7c,i:{±v L2 Sr 

H-:fL3ii, 7 a 1 7i,it ^ -t /i^tfjfl^-fg^ t j-^^ffl+tft: 
5n*., *<Mtih % K+l-ftf.iy-*a' (l^(zv cc u^ 

^v Ll iv L2 (i ji:(- Vcc (z^L < KZ, ztirt. H.*HHW 

»*iBco?tai[ittji-:«fcrj*t) «r*'<4wccfl-a-c*>.*, ni*: 

Li\ it, »ifico-J:9l-. VL2«±»7-K*'rflil.i-:v c „*jj: 

^2' • 03' fcJrt^Tr^ Hff 9-Ti-:wssu-</uftV|9"C 
<e < v'cc t L r v * * co n , i 1 ^ + ^ /t mosh:t • Qo 8 . q 99 % 

m-M(z4mm)mzi-^tz^vh^>, 


(13) 


ttllF2928n3l 


(ft A* - & Tpl-) ft ft# 9: fcWfW 5 « A . c> *c 

*cO«Eitfto. 3 P I\ fh1li*{-©jf1H-6ir>^r 
> ^co £ 8 i 92 £ -f 5 1 . ftttorft !ft tt2500 P K< 1 1> # 

5. tWtih, 7a.7bCOJI , ,;jMOSI ; l-:T • Q 26 £ LT(±, /it 
X.(i¥^*/Lfc!/-f-+*/l,J4*S3000ii m/L2/i mfiU£cO 

-t^.'iiyjMOSI'KTrt 100// m/l . 2 p m ftUj£ '"C .t I \ 

/; 5 X- * i * £ . ^ ; J7u-i: V,1 £ (T>\l\\ X'U'i 

•JcO^ ^-^ry^iVfelZ *J } SA^T? ZCOMBcn • 

MSrSB22l«KwWi-*-p M'K Q|.Q9.Q5^N^-V*^M0SH-: 

L £ 1 v|fl3tH:£v TN £ £ % g, f iv, , -V, 2 > Vj^J) b $ 
tZ % Q2«V|^-V|j>V TN cOt.*ll*tl-t'i-l«4fi-1-S., L 

ti^t, v u tV| 9> o«(*«rtv TN ttrtui»fcn5/Q 
K/i^-./j$nti^., ziusf^z, \| , fcVi;2t«o£W#<n 

^4«0(z<rJ»T**)5a 0|. Q2. Os^H ^-fii t*«iflwJtt*i> 
r t» , 3 > y '/ * > x cDJtftffy'l » £ l VMOSI-KT • Q.j i±Hth& 

VLi=v L2 i:i-5ar l W«:*t1;. 

* -t »J T U — 2 f^Si * rt. M0Sri:TQ, 2 | £ *-V '<> ?C l2 9 
ri^fifc-S. h7>>^^ • 1 *r J r/<i<'5 r j&y 

lj£coS£.fe^AiK*i-L-Ci^ n Mi:tti7- K&Ct2*. 
T-^iKKii WLA*lt^it V;*, :JGIW(Z(;t«JflUz£ 

h) tcortBi->-<A<ifT:.C:-e*>. 

t\ aj|K3#ifc!7- K«SrJKiBji-5l»l!a-e*»*,. Mm 
T'CtV U =3. 3V) X *) t fii.< -"-J" 5. I *>>^£ 7 - K*M- 

K»vKEmU6IK46rf1t-(btifcHt/-i-:v C ii (Vcn>v u ) £ 

U^c 5 "7 U y -7 -7 a y -f t . Pf /t.\IOSI-»:TQ| 2 7- Ql 28 
M0SFKTQI36. Qn 7 «:Wffitt0iUi-* - > «- ^ oT , Wtt 


T, M0SITJQ|29^0i3|*«*ifi"«aSUtty % ^-^jftBLj/ 

- >«u i : .V|»«*(T:.e^«i i- *c i i ^ v ^- 9> % ftkmmti 

2, -i'/jr*>*,V| .|/2(ci-5io^«n* 

z ii i a ^ =7 j* zi - ^co t » ; r, ifn m\&m _ r r a -c & 

>^^fti(^lr*ii:, -tr >^r>^33, -r — ^iS^'J ^ Y — 
> l«*IB3'! f -r- ^MatMMlK3S^A:^rfiO ^yr^-f 

" rt4i5T l ifeSrtEllJ Lti^, ZtUL 33.31, 35 SrJt^i" 

5., -ZMfifo. >33.3'l,3SJrCD[H|{Z, ^-T 

v ^ f,t 0 "sHL* ^ S!IR< - «t o T * tl ^> * -f y 
|i»IIK36Li3J:i>36R^Kit<b4xTi^5.; 

J J >7>-738, -r— ^iH/J^y 7r39. t — #XJ)'< 
v Vr lO. BiA*|»||fiMii±, ^-.^(nAIJUjwfcrtcoRI 

M! )}*<y~7r 394:^ L T , -r - ^ M ! 7j «S F Don t ( z / 1 i ./j $ 
titlv* — * 7$;, t^— 5^ A^J '< v "7 r 10. Hfi^^|n|H('i i ?r 

■ /r l r ArMyj*iz,avi£**t % $ ^(zr— ^»aHfiMK3 

f^lT'li:, rwidiOJ; 9 (z," 38, -io, *\&\H&iMM'&lii\\2X' 
fflj 05 $ -tf: T , tn ffm^J co K« t flwft ;i£ ft 1^4 ot 1 * 

(ZZ-Ci4TTL=i>^^y/u) coffin | :% ^tttK»HJ.Kv 

cc (=sv) i?iijnv$nT^5o 

y32,^7A^n-y37(ZT Ky^fff^fcBWftf 4HB 

e-Sr»*.i-4r"JB-e*>* n zn^fior«ig8t, pN^mm 
/ kv'i 9 r-l/j ft 5 it t . rfi »ttt^ j<7) rm b m «s«>3te« ft ^ 

vliihVci (zz-Cttttsv) «r*1=-r*lK|B-c*,s (fgiig 
coj: 9i:;o«H!ii7^ y^EIBT? (,«£«] Six*) 0 -r 


(I'D 


ttft292&53l 


+ — F.V>) (~ Z"CI:tl.65V) Sr«lEi-&Ln|SK-Cfc 
v BR (-zT-(i-2V) *r*'l-:i-*r»IW-C*>Sp ~4x^ 

75; /> £ i v j- 1 1 9 R'.'a;^ 5 , 

ZWDRAMc/),KHILcOJSUft'CO»j(1-:t, SR23|*|cO jjjj 

f.'p HM£fl| (/ras. cas t ti: ifs u ) co £ t * 

. <> SIIR'^ £ felCilS (=V, 2 ) X'fo 0 % -r — 5?3&DL. / 

*SAV ^SAI*<tW K A k nWii»|/0./l/OtiV|i{Z^ y ^-r — 
£ ix T o 6 (Ziih <n ~7' y ^ i — >■ I« -l»8l± 25 1 3|*|f cct 
'i^ixTt^i*) zco4Mg-C(i. vyjiiy * y^^aifflj 

V'cc) * • *2' »1W:^></l-c»>5 0 Lfc#o 

t Ac § t ^7h. 7Wi*ffl-n:V;ffi-c*j*« •) -i-s - £ 1- 

/RAs^ttv^/m/jrit, srwa2ivii«jn^waiji»iB 

rftWfckn/* 2 ' (=v cc ). 
#*£ LTiftfN:6lflj0M^ 

■ ^y ^-r-*> r ff^<f> P a««U"</u (=ov) icufc 
'J , JB JK 5 fifc ^'JTi, — (Rl|CO ^-f yf|,t (#231*1 

-f y^tty- (3?23|*|cOigrN±0silR) «*(*£&£., ^sill. 
/^V| 9"C\*>5 £ ; V s — 9 $&<0't\£) \ : MWifr\\ .2- v TXt-K K 

L % 3* y -fc a <n#mm i: fcV|.2-v TX i-ltt F L 

tli-) . (V'TxrtN^-f */tMnsl->:T • Q|23.0i2«i^L^ 1 ^ 

u ^yir/uco^iftti.^ 

M^JftflijftJKii. ^ ^ y ir /t co * ^ / < > • * (z&> p> a« C y> 

•t > 7, r > ^-'cofflj n-:| - Hot, ^yru-Jii cos 
«ii"i?8r?;tkftf.r«-o 1 ' j^,F?jL-</t (=v C c) c^5 a 

-iU-J: f;, .»ft|n|S(«7a*?JSfl:ftsn, V u SraiKi: L 


v l.2) /e>s^ ; ^u-</t (=ov) {-/j:-5., ziU-J: 
»K M0SFET-Q I 3 6 ,Q l37 ^iiij^jlg{-^r;, 0SA\^Q|36 

fciiDLrttitftft, *sAiWiQi37fraLrV|j(-tfNiesii 
* ? tfiw*ii, (fj523M^ia-rv!tm.j) 

(5523lac|(lAHHHT) f±0V< 
AiiiTBi:^/K:<f5t, ■*)=? ui' ku x/.< y 
7r-l3. *7A^3-^37^ilWjf1iL, 1 +:<n-r-^J|^ 

^/l (=v L2 ) t^— ^*ajW|ii|!«35S:A(jLT7 ? 

— ^ »^ A i L t{ yjSSl ( cl^fec Sti5, ^>t.t> ~; 33{ 1 7 y 
^54iTl>/l-r-^|1: t A/h;;^, y >r>7 ! 38.-r 

— 9\\\h*<y~7 t 39 «: l r , 5^ ; 1 1 r-Dom (ii m, 

Ku ^ u|: *^ ^.AiiT, *SHL.-*SIIR. 0 P*^E 

wu^/HiiSijts, y --e y r uHll^)^oi)jI'»l!^rStkft: 

fno O 1' lie :t'RUr</t- (~0V) f <!SJj|"li& 

7H^?J|-:«fl:ttfS(ca!c4; 5^1", A ■ ■ ■ TrtV.Vi U></t 

A ■ ■ ■ ▼ 4 A ■ ■ ■ T l/»C/H:fc -5 t i 
h. 71, Tin fc $ 4 L 5 VIl J)0>ViHLtf Jcmv t >S , 

L # ^ (ifi.iLi i-: ;r> ^ t i- 5 W^-.tii i- « 'pjnisfit * n-: ^> - 

£ jLtfiMiEco y i.si c/r.iii.i: 'J; 7 ? (figJIJ L fz^ 

W h\ HififtMJLT*«ll|cOJB2^y/t--7 , «)*tiS 
ftli co HcSg !K , tz t tl \H ' < Y * — y ^» i CMOStt W ( ; .J: 


(15) 
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. (W. K; V, j ( i =1. 2. 3J i L TaftUH-?,) fc^'k^: 

l"IWtH|~H3 : (£t KBj (i =1,2.3) t LT^iPH-^) tf> 
b>*^„ .«WK«^Ji.|MVRi±. v <1.j»«^,.;v qc ^ ai -. 

n-:\i.i 5: frg«|..|i«Hj ct. *iVisw*,%5»:-iAi i hi 
(->: hliini'-iwfc j ( i = i . 2. 3) /j . fi -z 3 <±, itii i-: 

..-til. -??ix H «rii iiwtz i — z a ^aum-t- * >,-f "« ' . 

o;T-.*>3.. * i' -0 3 ' .Ct, *Vi-FJi <, , ~« yjriii) 

**vtriucNcjiiMftt:tt l fc ^' t.-c*^ >aft . 

vg: ft tfto A£$ ( ri'i ftfljjjft) j'c ,t o T »/«'-f 5 J/rii. 
, #M!fRB|~B 3 £»IM!£H-$- tats* Li'„ 

..awn-*** ^ s (cn-nwiLfcfa.y-* i ' ^ A ; 

yj $*it i ^ - 1 t-c^ K mz . f*« m.ih(ou>m 

**** ? <it5fcftt. '**«i«-CI4i ?-f ; > :. 

i.' */IJ***„ * i,' {Cio-C^iSm^lSAj-^filrtu. 
f)f!ft^ltffiCj(7)|n||«?>L-S^3l ; {E$-a:, *C~ft«*J»f£e- ; 

izwMiim<nmft&&mzi-zztA*-c£z» 


i isttmjt. ^/ij^v l( ^ gS i)j li:( , 

.. . KB, ~B 3 T- Jti£i(cHlin L XI i\ mWHZ k oT®j(1; 

; tap-it c r*j* . s^)i"i^B,~B 3 rt(rTa/>:^mitM V 
«ittt,«ti> D ; ... 

■\n26Mi=^«iijcoiibnufttM«:/r^ *'jfibMfDttfi 
tt*Ti % *^tt?*^'««iii|i»B||'.'«|9(i»4Jt"*if' 

"WM«*ABBBT-A»A.yj.$nTl»4^ B||.B, 2 wm^V 

I.II:VLI"2»>.6;^*> : //^,- ^-f y^SlvriSR^iiT. ft 

AiilT«l<.stA ff)t jli ; Bn^jmWvfk. B|2^ : 

rfi^ft ^iu x< „ if-Sittv,;,2«tflftt is n*. 

.mm<r>;Mmmvii. imngmzm^-zmz-' 

L/j-L. ftiii'/co-f > e-y> XT5?!B,n-:.-E— KIC J- .oTffi 

tzt *.(*:. frinmizibs t * timvim 

f tr>^i>!i. ,a^«l''W»B, | m,7i5#fi:^ilg(c#,^ - : 

izm+t-zx ■) <z % M&im®&±mtimm\»mz-®. 

. (CLT*3< Lt\, *fc, x-f y*(Zj:oTCJB» : . 

«~ • WKteMMH-Vi 1 ~V, 3 eOiftJ|cvSf.r.W^*5 'Ivb -5 ~ i 

i»iPJKZi^z3fli.a:HD{cM409iMVi!»««^ 5 

rai--it*W!l : y5 / : ;ytfclr;ji+/-fffiiUw'tA. ft^ 
. ^un^in«f2M'{^>ll!|i|L^«^lcot«r«Lr*> 


(Ill) 


t*ifT*2928S3l 


% 9 *%l&mVi±. 2 MfOMi&W&tyHil l;& 2 (Be/) N 
^ * t^UMOS h7>>^?Q|, Q 2 {c J: o Ttgtt L tl A Oo 
MOS h7>y^?(/)LJi *|ftvttJ K&Vjii £ 1"* i: , Q| «4V 
LI -VL2>V T ||60>#i-, Q 2 liV L2 -V u >V T ||COt # 

Lt^oT, VLitv L2 t</)|R]covii|V/;>f> 

t«OU|Kf>il/jCl V 3S28M (a) - (e) l:iKo/j.(/) 
M«r/iH-. iui>\Y'Mf£hikrt. Ml*l (a) /ci^L (c.) 

«toT»«-4-4Jy?i;-rA5", MW (d) ct. gS27Wfc|u1 
ail. rt»nai^i-l8lc/>itt|iy.>ftiS? ofcttSrttx/jri^J:? 
lwi"5/fifc"C*»4 (1 MOS h 7>y*9(nt>*t> 

*) \z¥ <4 M"— KDj. D 2 3rJ11i ^5., \\ | £ V| cn|flj<n . 

SrilJ^T, v L ,2:V L 2t*«tt-i-a^/iii-C*4, Ctilrttt 
*i^ v .!B27|?|*54:t5sB28|«| (a) - (e) GO 9 t,c/U ^ 

<o*ifr«ft*fc»ieJ!/it-t»IH.LrtJ:iv 

■ K24W^K27W^iMii|jioofcy>, ftiftMift*:'! 5 . 
ifI(c^li-4ft(S«ASB29ia{i^i-i: T^»fy7rt 

SrAMtTfe.fci*. Hcowm, Ai^tt»*Lfc#W(rZii 
— Z 1 gco J&a /i • Cb #il £ /; •! t X I > £ 75 ' . A9- -«Tt C't flflb 1 - 

1 " 

fl= . 

2 7c C g r 1 


.***i*»a«:JM-m**, -z 9 m i(zJ:£R&l;t, ft! 
^coy > ^>*(zi SrtaWfflKitthicolffi K*>fcMMK 
T't , JKflliinJIftA-^jai * ft MrcOfib *l6f*i£ ft-e # 3 - £ 

[waJOMu&rochiMRKiin] 

35301*1 (a) (ciAJBinWSBMi&RAiMfirai-IKCiCO -'Jj 
.*fcW«:^-*- fl |$d''k 2t(iifiJftifl«S}-c*^J. MOS h?> 
">X ^Q2|— Q257i-P>l*5 a 22(±, L «yjjaT**> |f ;, MOS h 7 
> > * *Q 2 lv Q 2 7^>*3, ;r-:!»jW*fV;^2l cn 2 iWcO AJ] 

/ 1 s * *■> V, ^ w js $ n r 1 > 5., c j-i* ffrn 1 hit ir a *c *> 

cO|»|ffftt04HViS€r^-I ffcl * £ £ comfit ^VfdKMKfrffiSOL-a!] 

/??»j«WK!B; HI ^K^.Mi yjKfe'u Cf.tt/li^jacoAyjff -'ft 
(0 2 is^ V— h ?f TO Xfr> -5, 

' z<n|ii|SK<nMj(£atm:*!n3iW (a) , (b) Srill^ 

5, (a) rtfvlftl ftlifff l'-dKfty5>^t ^Jt» ^c/5Wdi&*4^ 

f "I j»«o |«» -c s „ 1:^1 + , all /^ilbJftM ^2 1 to p| fi* v j ' 
•Vj, b-wisyj^^fflPKo/vi' , crtttfrcop|f;} Vo/ 'v. 

iT*ifo6o a.bii-tix-pn, r^f2<C5Hilta-e6clB/oct^ 

1 

f .= 

2 tc Cl r 2 


t i2dH/nci<nffli>-cM: Ki" 5. Zii .'.cr 2 . r, Z ~ -CR hf hftffitD -IHH:,- £f-NJlN"3 i . J.1&&»n:/iw'j 

AU*t>i»5'l*— ^J^j&ScC^^, Htijdi^.t ^iiW 3i|*l (b) coj: 9 /^M*'i?S2i^fi| 

(a) T'W:$tltl^j:iv Lfc^ot, f[tf 2 

1 

f , , = : 

2 ^ ( C d r , + C l r 2 C d R d) 
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CDr 2 +CLr,CDRD 
f = : 

2KCbCDr a RD 
1 

f, = 

2 it CoRd 

i (him * ^ in h t^xiii. /6»m*«a»^) rtf— * 

W**r|"ioittHf(c l tt- l if-j-5 - t « - j: o r. I'/jr^^coRi) 
^Cc.ri * i:l:,tot, ^*.>c/^ijf'.>tor|{i^jj-^tf- r 

. #*f"2l Srfex.'S ir 6dH/nc i"C\ $ *> i 1 r 22 £@ ;t 3 d: 1 2dB/ 
octcO^T : K Ki-^J:9(;^5, C|)=nC G r|/r 
2 . KD=i'2 /n - LTn* | 'y>A£ < fiX(* , T 2 1 > f 22 £ 

S32UA (a) ( - W : iSiQihv;»s fv:l=l I fell tfil- -Itf&c/^ fa ^ 'J<A!u . 
(;**'<•> ' $T|;«:MiA1-$ ~ tctot, K/Ifl I hBfiBS: f / 
L»IK*$32|«| (b) -tfiOWa»t*fi:tJn33W(-^ 

-i-, -<so»i>ji v ;r>ayj^*v;^c/^ vyc/>f»if'>70v. Pi x,. Pi 2 
^ttw)^»i8(i, f*.ftihii'iriJii^*^^«>-^C|:^ 

*MM»*>A ;j 1 1 1 ! 7j t COI8K Zfp A $ntl^f;^ 1^3 
*3>5 ^ 7.— kiltie J: ►itt»!^)J>;tt«?iw;A-§ < / £ £ 

<j" ATM £ KMi- o - t & V # 5 , 

Zw-C»3QM (a) fcL<(.tiB32W (a) cnfi7;fi|&|}fK 

JB3<i|sg ( a ) (zifiSt«ocsins7 "-tr ^"C^tL-ar^^ii" 
5 ^/tt*>i«;fvM'k 101(1 Pi^T^r^Jfitte. 102(1 
Ntf^^/U, I03(l\ + tef&«, lOKlTYVI ->g>H| 

c>Sio 2 . lostiy- hlfettK. i06tiy- h-c*>5„- 

«6**08!O5£|±£/ u -C\ H06t.ttftiittlfcil02Ht«O|a| 
K«lSiF*i4, Lt»^- 

L # ^KEltU£365ft-c*>* C t "CAS. 'wtttajfrlW 
(b) ^/Ri>rsWji-5 3 ^(zmUJH^5 
m/J: H»W\iE) , ^t4!l(l^m^-T'^5o L£l* 

7 h '<> K7BJH) (1, »ni*f. fc A7i*A:* <« 

ffc-f <5 t #<nruMntt;i-:vo-cJbaj6\ v 0 < o l/i 


( c ) (/) J: 9 //.l Scar>/|Aj(-4fe>1Jf^^t(^^ I \, 
5 /j ^ * 4 1 10 (It 1 .oil ffi- cocMOS ^" a-t x(- Pr iilT 

V'&mr&xchrt s ^*fi--%fcA(i*}i2 urn 

* y ir/tw* + 5^ t L TMJi ^fcDRASW«t 9 -Cfc5, 
L TiUl *T t>*t t v fi!*f ftaSrJflV >7^DKAM(lol ^T(±, 

^^666rt. 1980^-8 Y\ (IKKK Journal of. Soli d -State 
Ci rcuiis.Vol.SC- 22. No. 3. pp. 66 1 -666. Aug. 1980) (Z 

«^**V«IH*tll.|l»tt, f*tHhB«t*LTi^* 

ttnii-5BS(i(i. \ i co^imve^Cva; i : .v C cfik//f l.^'^/f ( - 
»-e#>5**q>, v R c7)v cc te^f|:(-^ics;@ LxdMN-* 

Mi Zom'm/iK W«V{56-57I 13. f»HW56- 16869 
R. »WIW57-2200B3. ^11^60-261213. »JMflfl63-837- 
2. ^11^63-125742. *lfl»aiF«4IOCM37!iJ-/j:if(-lJ|>ic4 

tiT i ^ 0 r ti ^ «np|i«*«**fH(ca>H nf jig - t di ^ 
pR2l|«|-^27|.?i^*:J!&-esj*c(i % «nit|l«;v R ftirtf*K» 

/>:t Lra««cK-e*>S4:(4K%/j:t^ -^>«frii«fi: 
»«a^°lr^(cj:S(ibo*fcM«-t- & fc W -, m 

s- ©EcoiEtttJiue h y ^ >7mimk Ltd, iwse 

<o»mt»iriP{BH 100-137 »(zfi*s nxi ^ A-it-*HJi *r 


f*.fP292853l 


-Q.^tt p # -v * /VMOS h 5 > v x ? ; r, -j: 8 ii t ^ - X 

-c#>*« VR/i^A/jtttJi-: (*w«jj-:,jia=iniB<n/M/j) , 
vy tMwmn}. immm<nA)ittiLZ>) -c&<5 e daco 

\y rt^^CT'/'i^iia. 

R i + R 2 
V*' = . Vr 

Rz 

- - v , R | (103 1 -038* * ^ * * IsWRSrW tti7Kj«z«fii > 

fcWjl zKfci > ^4 L fc t « wRStHt «jb 5, t ^ - x'£ 
WWr*-* z £ (i J: *j r,. h 2 ^^^^>co-c, v r ' zmW.^' 

T #> 5. v L«|i 1 1 , d ^ t a — X£ -ft < yjirr L fci > & # cott 

7^ At < /jcico-c, c. b. n-C>i<i-"j: 9 tzv H ' t*ft\ < 4* 
5, t a — XI-.,. |-> l- 6 ^Mjfj|- yj|r r 1--5 4: , l:!tlR2* ? A'#- 
< <?. r.g-C^i-J: 9 izvy l*tt< £5, Lfc 

:£-rv R Sriai?lPJL. ^I3N&&TV R ' ^i&ktll*: 
W v R0 ' I 1& < <c o J: 0 1 z , t .a — X&o yjpfr ;y fi;- £ 

l ^t>, \ R ' ft<&£KI!Hl'lVRo' ± ^ v V CA*i5i: 
'-fzzbv*>& 0 ^(Dtiibiz\^ H t f(cK»-c*Lfc«t 

*<-V =v R0 ' +av r ' c/^o^c, -tii i »«■*-■ 
5 h y s >>/)sm {tzbitttb) Zffl\\-tz> b\'K =v 

R0' - A V R ' (C4<5 <t o C, h«|«5Vii*a ( frMOS h7>> 

JR37|*|{ihy ?>^l»ll««o(BicoJjJBM*S:^-., Jl'.y/rfi 
Mi\ R ' Srtt'<1-4t.*(i. Jfj35l«li:MtS{-, fc^-X 

t ^-X|- 7 Sr^jrrrL (w.a3B*AirAWyjtM1;tt!B36Blco 

MBiIWJ: Ht ^-Xe7>gtf?/>;£< , Lfc#oTi!rftiH 
3B3i5l8^J:a»37ia(r*LfcU3!»tt, fW&JfcllWfrJW:: : 

&'jYm^*>tzth(r>mrb Lt, KBt*fflt^rt^fcinu*J- 
L , 5i'35LS|*D J: VJ»37H<n|5|B-c«iJins F?>yx^ 


^ taosh7>-yx^co;y^, /hiftifil^^iliKftLcoA-* 
^*-r-A«»^ix5, tt'L, mos F7>v'x 

• ^t^KJ: |-J>A#< Lrrtf>o#«r|r|ix., ^ 
y— p. t y — x(ct^LT JKtt'.1iriV.ft'>Hicott3W«:|ii|a 
L , WW i -: (/ > r 3 o ^ ^> t j a, / u fta- 

ikji, MJ 5>^|i«is»(zj||i^\msh7>> x$r(- 0 

Z > L I v -fc i ttt, Mttc^ P /Bc/jJtJf^i, Jj38 

W ( a ) (C/f^i-J: 0 /"i P^i-^/UMos I- 7 > >' x 57 

l^ltfilV afc^NWcOWfrtt, JIS38M (a) irfci. 

..*fll^iitfj:iv */i..gj38M (b) .ifico. 

z vimw) -I'zzbn t *> . mmu'c£mz# lxz 

b\ r^^y^y^)><r*^?ff(i«j^^ 
: -.l-*,w^«iij-c*6', Lb^ot, >:Wi«tffb'ii«t-ft-i- 
S-PW*^ y /jr^i.f, t ^. — x ^ ( t - 3 m> ( - # d i;h 

.Sriflftrt'-SHK-WAJiri 1 * t a — XcoyjITr.^iirt, u— if 
SrJIH ^;yi/s(-(* % UKTrMltf) h 7 > > x ^/^ 1^>£-Cdb^ 

JB39W (a.) l:v R /)«ov R ' ^cf)'£jft|n||9(^Mic;>'jlft|iH 
Sr^i*.. SR35W#>^i > rt.7j37|^(/)|iii[f^ v^fii^.^ii, 

ntrj:*;, /!; yj;.tiJi-:\y ^AiAttrtVcc- v ti' (V'tiWA 

I* ^-V */^M0S h7>>X5TCOL#l * Witti.lt) (Cffll^. f, 

ZiiSrsB39WS:J||^-Ciltti!IJ-t-5 n -^>|«|(±, v R t 

SB37r«coiMii«-c(A % v CC jfl?Ki^t #\y *?v cc -c*>5., l 

7> > L ?B39[^| (a) cninllffi-Ctt. Q.,»(7)jQJkJ(C J: •'j , V cc ^^ 
te^ttvy =v cc - Vp i, v T p W:!m<4 

v) i: «j i/i^r, * > # (tir^3V) i^i'fU^rKi 

(c) SrHI^TMUJi-S. ZcoBKi, 55301*1 (a) t> L 
<(43S32M (a) ^JKftHB(z*Ji*-C, v cc ^Ki »i § 
^UWjvttljiVi.t'ittacli.^lSBw -W-CAS., V K ' Sr«1- 


(19) 
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. t-5cO(:3}35|xl^6^{i3j37|g|</)ii.i|^$r/M^^-J^ftf±, 

ii\Jjmi bv> f (a) h L < (±8132181 

(a) 0OQ 26 ) w KUY> • , /-^t/!l((£lh^ ; lii:^<!:'0 

*9. Zill-iPRrvV ^<6'l--j-^t/3(z3j39|s<l (a) <W 
M»4rJIK'fc«f>tt. V L *\ R ' *fv rc - v T |, -c#>4*. 
fa. a^!0Jl"l!f«</);iiyj\irK5 h5> >'x ?(/) Ku--f> ; y- 
*I.TOh(±(.5(.f v T |. (-tf)M-C(*0.!jV) irr<?Li>., L 
tzfcr>X, Z<>r>tiiMMiMm))t1tlt%tK}k$ < . V L toffc K 
•'ii;(± 'j >$l>, f, /j . c v, ^ /> l K < L 

r *>• < c > (- J; >> . .vbj <K«ft!ft&'>4: < l Tt >s„ - ft 

i-.t v . \\&-4Mk ixm : -i-&tm*wfc\Hwm 

.5»jf1-:^->->A?A:#</i5 a 

4**5. (a) y)|!.'lif&tOQ 1s i; (WiditO hUJ> 

«rMl*.*£:tf>f2. 3j38|x| (a) . (b.) (z>i;-i-«iS-(z L 
T*>'< W*5SSi Ll\ 

MHMttiilJ/ifc-. ?>l)f<=*»|iittlJ : .V|j^i*l»««ittli: 

*40iai=«£E y $ -y *[HJ8«rDRAMICig/fl Lfc^g-to, 
<?i£ LVWI^j8&.tU<ft!ttcO -0i|«>r«i-. W«l'. 1(± 
ThSM^v 7. 2a. 2b(±er(^IM0S h 7 > >X * T?ffifc£$il 
tt^yt'jTl,- 3t.. 3c(±)i'.1.i^|ii|J^-e,$, 3 , 4.5 

(±^n^U£-j|!!V rAD , <t;x>v^(i',ii:;i ; .v (:c )||co^>f r -r > 

-y K. 6 (±At-i|SitUi fc'l-MKft, 7a. 7b. 7c. 7d(±J8<!filj 
l»l»T?*.5a 6 t7»-7di:(-,t ^ifiliiy $ y VMW&m 
1$. LTI'q., 7a. 7b. 7c,'±-t il-t-ii, WJiil«IWt3a. 3b. 3c £ 
W*i'«^.%lUMlttll:VL|.-V U .V|j^«1-:-r:«. 7d(± 

* y r u-2a. a.srJWdiji-i-iiAijsisvgjisriejfiv, 
-^•j<«e(^^ttia(±. A?*pia/i-:»i-L»«iB 6 <fcs?.®jN2&7a 

K0>j£f8( = . Si!Elj|L'liff5(±-eix-E r ncOftf5;f 

B'&fttittJl-JUMl la~lldJj«fe£< afc rj , -tft^co^ > f- 
'>-4-5(/>-C\ M<fR<tD-M«'k|i4W(OttJfeu^A'^!g L , 
> t - ^> 7A zx 5rte»;iiiKv8Jj.-:v u ~v l<I (di8/i-:r k^; 


5„ «WJ:56ta.j|Kjjrii:L-CI±. «MmMt« 

M8«:]ftlf«. fdlcoiiiirrfWt LT(±. Ai»9a-9d5rS!; 
5, ^ai!B6|n|i«i:*(oft ( !(r|n|K{>(±.iti l fi t r)Sj 

r-fti^ii-^,-};, Mi^aattrniifR-^ftiijfyiKtt^^iii-sj-i, 

•.til i:*1-l''IKStf)^lM!gi!(z{« *«' 4 1 . i- <X(n^i 

^*i»tiliV|.|-V L .,e/) l~<sifS $</)X\ Mity-ffl^ 

him t (mcifinMii^ > Lt^<;i *j«n* l i «; 

1f4*^(±. OlbV\rC(±^>^T->7,i^fe'i!0jf1-:^fi O t 

4, 

f-y>^^A-* < , .ftr-?i''iW5ioinrrni»£(i,to-c\ cc 

w u -i/u TS^Ift hi-<S., t *. - c/50t K'/>(± fr»M|n||ff 
L-'«i|Jii-5«t •jC^oti^*:, (it Kl,W«j,4 uicA-t 

■i » i »tt L ^ ^-i^ < t£*i . iH AiUWitti i-:v, w u ^/lxoR 
KSrtFK -iiiiij Lr*'JiJSSW-C(±. v C c 

frrT-effi^rjrfc'^Z <t *<r-# -5., i ^v cc olit Rd*) LTt 

«frl±. Vc C ffi!^OTaiff(W^?f{!Jii(c/jc-5, -coiJ^^ 
(±. S f P®liJg'KN»iSrV cc /||,if>>^ > ?'<.y K«0i5 

K}±-Cfid^LT^5^. -C0A!^!i2(Z.'±>-/i. KarttiL 


(20) 


> (b) r '/-^KtlLfciW • 

° i .i r * « - ± * » ft * <»« --c * • 

um~ ^t T ^^;^ 

tpmnfficiwii aHlW, -*l!.^i «■ 


'IM-M 2...2l..2c.2dl4*ft*n«IM. *l«2- 

„ ,t K U 7. x I- n * - * ' ^ 


^ U rtT K U .UotW^fcT U-W**» 
= „ 0 .v (0 v*TU-2l.t2d^aHK (2at2crtJ|:ffilK) 

^^^ r u - , "^;: jt 


(21) 


#«iT292853l 


/^^K < l=MHJ|.lB-Mc»i, fc4r*tfgs.i5lit| (a) , 
(b) (^LfcRIK-C-JiJM-CSS. JfHSIM (a) czfclr* 
T; 51(1, P-^-v */u\ins h7>yx^Q 5 ,,Q 52 t N ^ 

A/UX tT KU^«S>Hj (*£ 7^(1 A ■ ■ T) 52 

l.-C*»5, aj^ M T (ittf*Vcc) ^<k#l-$T'AAVj£ft 
-5 ^lj!tvttWV| a 60|UMtf)/x/L x <j> p/^l'.Vj^fts, 

vf^ewii; 5Ki3i«ic/rjijsuM(iit-<T, mm»v&(»&$: 

£ r>(i 1 (W^cb LfcMT#i5- t Kt/^ (,V *Ja j , A ■ ■ 

IM«±, sB43l«-CilftiM L fc t>cO t M L:T*>5o 

^y^ttiMT'ti, '<a 7. 5S / l : .l»IKilai I4b±; T*!i*®j|»l88 
7a£, i'ici:l-ldt-e7liSr-t*i«xJfc*LTi^5 a -t^fc 

~iil-&*rv7 t iimbfflftttJ)&teMvit* ll zzv. 
3I-HW(i/Pi-,t i Ih i i n, % llcirl ldird^ii.-en 
|.'1Hi*(lil©jHa4Hv L^ot, *.JIjNIK7H4:7litrt. 
^ft^'ft 1 (W^^/u^5ei-;ti'l^^^^:®jT-tixrtJ: 

< . mmmjj * 2 \& & ^i * . 

#471*1(1, y If T u-^ 8 IWc/)»#l£ftTl 
5/ 7\" 3 It JUiSfHlSg, 2a-2htl ^4»7l/- 7a, 7bfl 

mrnvm. M«--i'iwi^'/t-x*'|:rini«-c*>5. 

T'(l, 8M<7VTu— co-5*j2Wj&?T KuxUy-Hj.Hjii 
_<toT3UW*ii, aWKSi-ifcru— c^7+;5<SJjf1H-5, i" 

fc*>*j, HjHj= "0(rcO> t (i2at2u % "a S aj= M 0rcO£ 
*(*2b£2l\ BiB j= "l0-^ < t#{12c<!:2g, ajaj = "11" 

£ftf-r \s-n\<r>'<;i *<>n (k = i - 8) tn^mw-i 

£ ft S „ -T £ t, , 5; 1 81*1 .' I /| c i" t fc 9 J Z , T. K U X (, f 

^ft^ftjli/j$ft£ 0 -ft<b<7v>;/ux £ Pk (k = i — 
8) fit, * T cO^ S>5rt?Uj;jSiiS/<yu^-c*iJ % - 

h i- w <t T* # % A f * i/ufil t rfi }f a ^ ^ (ft *r ^SLI" 5 
[DRAU^cOjgilJM] 


2o\i*mmmr- (v cc ) oMft/H^^^-f >^^-/V-c, k 

HHh:*ftfc'd»Kflllj: (v,) tomthm. 2Wttp*- + 4t/ni 

OS-t ^7> &®jM0S h7>>^^ 205rt N ^ ^ ^ 
/t-MOSir > X T > V <7) &!&fiM0S F 7> > ^ ^ , 206(1 ! > ^ 
1' ^ /t Mf).S-t >XT>y\ 2071* N ^ -V * /t MOSir >77 
>7\ 208(1 .^'Jt/t, 209(1 P>^twUMOSir>^r 

> v'c/) n /k ^7 .-u /u ;flj . " 2 1 0rt-tr /t-r u — ,*j t -t > x r > 
^/SBSrftt?/^ 'J y ^ % 211(1X^^-5^^ 2I2J1Y 
^^-^ 2131*5, a -^U^-v— >'f (f y.^ 2M(1 

- y-h ^ wc«**.'kiu|*/j: if wwaiHW 

K ^ ft tzmmi l:V L (l % *^:jfe^Jtf)J!« 
ir > XT >7^i6ljM0S hy> vV> *20-l<- o/£7}>5 p 

V > Wfe *r J 1 1 1 > ^E> i , V + * /u MOS h 7 > >' ^ ? (1 N « 
5'6Mtf)|rnflfW(z ^i" J: -5 (1, n-)x/l ( i> ^/umos' 

fc<fci«"v cc =sv.v, ,=3v>^5>, ^-^SK-ry^ 
, v _ u -</u t)^ i . 5V-e*> 5 7) . r 3 , -t > x 7 > XfilfttfK 
h7> > x ^ (id 1. s\ ; co/<y ^ y_ ,< 
Y.-rxriv-ivi^j; A!sl6»(iov(r/i:5- a » 6 W 5 
t, ir>xrv^i5mWLti>fl®/± («^tt) (1^ 
0.86V. •«dfttt(tft0.57V-C* > * I1 UN^x/l©|^v 
CO (=SV) irLTi^ir, ft<r 1. iv.0.92Vt m 

^ ^ > 0) L #1 ^KvtiJ l-K-'Jfet LT7n r |>t f-|K|r' 

li '1 1* 1 7> » «o 4"J A 1 o,J: 9(1, 0. IVc/>L 

ZZZt *Bi«ft«MtM*ftWCM0SLS I (1, J: 13 

JWVlttll-:*: Kif , ttftc («>^/u) jBffi* | : jf 5 (/<. y ^ 

hlI>K 5c ill] ^ ^/j Sid $ ^ ( 1 iR j - ^ 5 „ 

t^W I: ^Pft * /kMOS h7>y7>^ 
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LSI/jrP 5 (^igJN»fiig-CJb^ e *5£HJ|</>:;<J5feWz:fc 

€ . ft tffcoHlS i*?m) : *- h'izifr L fciiia/irfiy.HlMlft^ 

;^ 7 7rti: MfiM ft , fVMsJil' >IHf A • <b ft ft fKft- >IVK 
* -Ccoflfi» £ fe- < 1" £ ~ > /j< T- # 5 cO t\ tffitf u £ 

y-h (£_-c/u) " (ovt0i-:feBJi:'siifcifiuir J t^L<i-5 

~ t it J: >) , li'lHJ^iJ'saffb^'iJliBCi^ , "*Bi«-JIIBIffcl.S 

U S y * * 'J |.SIcOi«-ft t vlill: U 5 y * T"fg 

8vm.EE IK £ *u 5 r £ d< "C t * v> £ , JLE*> J: 9 4 FH W± 

-7-* * frtetSi-jitf . ^iTw/j^5rtiTwnin-:iKSr)jis 

i/ifi:iot, aiJ'i£W(i,l!l/YWI:i'5/ 

afi" 2 (z, y y 7- ^ ? (/> A7j > t — ^> *tz£ ox 
Utti:W#£fbi-5 " £ 

55 3 iz, y-t y ^ * 5^*7- -j-n ^vtijh^rgpj/ti : sz £ 

*3ttt«|cn 1 1 fact, l: I ilco|«'MA l AS:.tt3!fc L , rt»7ttli-: 
fc*8M^>* >J f^nt^ffitSZt^S/rf^ ' 
f^^i?t^fJH-5X.i:{z^5, 

l:Ctlft?i«riftijRi-5fc^ WMmX'tt. ft&tf>>hffi 
t££titzWt : . £ FNSBltt/i: £ frittM"* T^*£ , -t<mt« 


Wh\ lifliftift*JHLT*Ui*ttl*aftiP1+5 a W Kcoft 
Ulr-rt, >*:*lllS:DRAM(^igHJLfcWI«:j|;-1-^ % *KiWCi 
DlMM(z|S^Tft!lo^f^!gi(ztii«lr'#5. 

* y r , 3 (iDRAU^MjtjuiniHi, 4 fivtiu-: y ^ y ^, 

■5 y ^ 4 tt," ^SJflHttVccS: fc i (z, v cc J: »j ttti 
J: o Tftfl-^sa?, y * y r u - 2 ^^f^agv, (z i o 

JtttlolB5lA % v, .tJtfeJmtt»J-:v s ttH:ei-^ 
*E«!"C(±, v s SrA^t5iB Tli, DRAMcot^ — ^Jfi rDj n 

t r k u j'co oi jitni l r t -ti \ itm»m 
on\\Jici± % v/if^^^fajiw.yj^yTT 6 ^^r 

DRAMO-r- i'D oul JfEl|J-C#,5^, ^J|jc/« f- 
fc<bxlf. ^flJ«agv cc is, 

v CCminSVccSV CCjnHX : • ( 1 ) 

«o*Wr; V|/^v Lmin ^ r; t*fi<V| JBMX J: u t,R< /^m 

ljDin*nUj|i L rv cc ^v CCmin/ ia' J v CCnu , x -i T'.&ft$ii:, i) 

V|.mH x £ RWJII L T V CC S: V COn ; n / r h V CCnHX £ fb ^ ii: , 

z: <n j: g (zi) oul «S / ■ A • * I i Jj £ ix 5 H u /t ^ « 

«iftiZlt-<T; Mtff^y * 'J T- z 9<nAJj4> t - ^> 
^izJ:^Si>i>Srjgtit^Zl fc3ft«T#, ^'Jfx *-cBWE 

Hfx.6fc*n/nt *<bns a TKSrAyji-sfcftwjscjijtoia 

^|inSS(8«:iastT*>5 a rtf)|"J2Rrt, DRAMco o ^ T . K U 
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"-yfrio- (AMHT) , & <fc 7 toft 

y- (AMY) tffllJjIlSfiS*^ ^ >^<0*tt<Vfr(;:J:o 
"CTI;«:#?IvJ-5. 
_-n«rJB53H (a) , (b) S:«J^TsftrirhJ-5o 

53M (a) >J:9C, AI||T[^AI||TJ:H% 
%(C!B53I8I (b) A ■ ■ ■ T 

^▲■■■Y<fc VfcJtelzfiiftiSn, L/^t>-£coi: §«a 

K^IR/iT-CfcSipJWL, TI:feK1-i--5. A ■ ■ 

tfTW • rr_* . x x . >- - y>f v^X h • 

• *r9=.-hfl. ' ^-^-X, 3?18fl/ju>mi9rf, 1987^ 
2 )j (ISSCC Digest (>r Technical Papers, pp. 18— 19. K 
eh. 1987.) #>5l ML T -< - 3L7s • • ■ , 
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